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Dermatological adverse events with taxane chemotherapy
Taxanes (docetaxel and paclitaxel) are among the most commonly prescribed anticancer drugs approved for the treatment of metastatic or locally advanced breast, non-small cell lung, prostate, gastric, head and neck, and ovarian cancers, as well as in the adjuvant setting for operable node-positive breast cancers. Although the true incidence of dermatological adverse events (AEs) in patients receiving taxanes is not known, and has never been prospectively analysed, they clearly represent one of the major AEs associated with these agents. With an increase in the occurrence of cutaneous AEs during treatment with novel targeted and immunological therapies when used in combination with taxanes, a thorough understanding of reactions attributable to this class is imperative. Moreover, identification and management of dermatological AEs is critical for maintaining the quality of life in cancer patients and for minimizing dose modifications of their antineoplastic regimen. This analysis represents a systematic review of the dermatological conditions reported with the use of these drugs, complemented by experience at comprehensive cancer centres. The conditions reported herein include skin, hair, and nail toxicities. Lastly, we describe the dermatological data available for the new, recently FDA-and EMA-approved, solvent-free nab-paclitaxel.
Key words: hair, nab-paclitaxel, nail, skin, taxanes, toxicity, docetaxel, paclitaxel P aclitaxel and docetaxel belong to the taxane class of cytotoxic agents, and are among the most commonly prescribed chemotherapeutic agents in oncology, especially in gynaecological cancers. Paclitaxel is a natural extract derived from the bark of the pacific yew tree (Taxus brevifolia) that became commercially available in 1992. On the other hand, docetaxel is a semisynthetic analogue of paclitaxel synthesised from the needles of the European yew tree (Taxus baccata). Both drugs act as antimicrotubule agents by promoting polymerisation of tubulin into highly stable intracellular microtubules, thus disrupting mitosis and normal cell division, and eventually leading to cell death [1] [2] [3] [4] . Because of their highly hydrophobic properties, they require the use of solvents (non-ionic polyoxyethylated castor oil -Cremophor EL ® -for paclitaxel; non-ionic surfactant polysorbate 80 for docetaxel) to facilitate parenteral administration. The drugs are approved for a number of indications in the US and Europe. Paclitaxel is generally administered by weekly infusion (80 mg/m 2 ), while docetaxel is infused (100 mg/m 2 ) every three weeks. The main adverse events (AEs) with the use of taxanes include fatigue (27 to 74%), myalgia (23 to 33%), arthralgia (20 to 30%), nausea (20 to 45%) and symmetrical peripheral sensory neuropathy (20 to 64%) [1-3; 5-10] , with neutropenia (45 to 95%) being the major dose-limiting AE [1, 3, 5, 9] . Dermatological AEs (dAEs) are frequent and most treated patients are affected [2, 11] , but the true incidence has not been estimated and tends to vary significantly in the literature (6 to 81%) [2, 7, [12] [13] [14] . Most data are derived either from studies on oncology, or from case reports and/or very short case series [11, 13] ; few studies have prospectively evaluated these toxicities from a dermatological standpoint. Indeed, dAEs are commonly under-reported and not systematically ascertained. They may affect the skin (and its appendages) or mucosae and are often characteristic, but generally mild to moderate (CTCAE Grade 1/2) in severity and self-limiting [2, 4, 9, 13, 14] . The more severe dAEs (Grade 3 and higher) are mainly induced by a toxic and non-immunoallergic mechanism [13] . Consequently, they are usually dosedependent, and therefore sometimes necessitate transient dose interruptions, reductions, or even termination of the taxane chemotherapy (figure 1). While the dAEs appear to be a "class effect", head-to-head comparisons with individual drugs are scarce [6, 7] , but paclitaxel perhaps portrays a better dAE profile than docetaxel [13] . The incidence and clinical presentation, however, may vary by the dose frequency, dose intensity, cumulative dose, premedication regimen, chemotherapeutic regimen (e.g. combinations), and sometimes the underlying cancer [13, 15] . Herein, we systematically review the dAEs encountered with the use of docetaxel and paclitaxel (table 1), and supplement the available literature after narrative review, with our own multicentre, specialist, clinical experience Figure 1 . Recommended dose modifications for dermatological adverse events. 1 intolerable Grade 2 is defined as a Grade 2 adverse event (AE) that does not decrease to Grade ≤1 after two weeks of therapy R that is considered intolerable as per patient. 2 If a patient was previously started on oral corticosteroids, they should be continued for at least one week after resumption of chemotherapy. 
Acute reactions during parenteral infusion

Immediate hypersensitivity reactions
Besides the platinum-based antineoplastic drugs, the taxane chemotherapeutic agents are most often associated with hypersensitivity reactions, encountered either during or shortly after infusion [16] . With both paclitaxel and docetaxel, the onset is usually very rapid, and seen within a few minutes of starting the infusion [16] [17] [18] . The incidence is around 30% without premedication for both agents [1, [17] [18] [19] , and seems to be on the rise based on recent years [18] . The reaction is generally observed during the first or second cycle of treatment [1, 16-18, 20, 21] , and is most often moderate in severity, but severe anaphylactoid manifestations are possible [18, 19, 22] . Severe reactions leading to death are more common with docetaxel [22] . The underlying mechanism is poorly understood and does not appear to be IgE-mediated, however, the symptomatology is similar to those of a type I hypersensitivity reaction [17] [18] [19] 23] . While the solvent for paclitaxel (Cremophor EL ® , castor oil vehicle) may play a crucial role in these hypersensitivity reactions [1, 3, 5] , the solvent for docetaxel (Tween 80, polyoxyethylene-20-sorbitan monooleate) is less frequently incriminated [3] . However, it has been recently suggested that the relative risk of acute infusion reaction significantly increases with the use of some generic docetaxel formulations (containing variable amounts of tween 80 and ethanol). The clinical manifestations include varying degrees of urticaria, morbilliform rash, flushing, angio-oedema, and pruritus, presenting in conjunction with systemic signs (e.g.
hypotension, bronchospasm, dyspnoea, chills, and back pain) [17, 18] . The incidence of the immediate hypersensitivity reaction can be reduced to less than 10% with appropriate premedication [5, [16] [17] [18] [23] [24] [25] . This involves a systematic, protocol-based administration of corticosteroids (oral/intravenous), with or without H 1 /H 2 blockers [5, 16, 17, 24] . Sometimes, it may be necessary to reduce the infusion rate [23] , but generally, taxane treatment can be resumed the same day despite an initial mild-to-moderate immediate reaction [1, 5, 17] . In the event of severe and/or recurrent reactions despite these measures, the pros and cons of continuing treatment should be discussed jointly with the oncology team. In clinical practice, a couple of approaches can be adopted.
Change of treatment, if an alternative is available
While some studies show cross-reactivity between taxanes in 41-90% of the cases [16, 17, 20, 26] , switching from paclitaxel to docetaxel and vice versa, may be viable. Alternatively, the nanoparticle albumin-bound (nab) paclitaxel (nab-paclitaxel) may be considered, in particular, because it does not contain solvents [21, 26] . While reactions may also occur with this agent, they tend to be less frequent [16, 18, 22] (see below).
Desensitization
Several rapid drug desensitization protocols have recently been proposed and used successfully [17, 18, 20, 27] . This involves a 12-step protocol with gradual increments of doses over several hours. Unlike platinum-based drugs, skin testing (skin prick test/ intradermal testing) prior to re-introduction is not recommended with taxanes [27] , but could be a promising diagnostic, as well as a potential risk stratification tool. However, this needs to be better defined prior to wide-spread implementation [16] .
Extravasation reactions
The extravasation of chemotherapeutic drugs into soft tissues in the vicinity of an infusion site can occur in 0.1%-6% of patients. Incidence of all injection-site reactions including extravasation is 1.6% with paclitaxel and <1% with docetaxel [28] . These reactions are usually mild but severe extravasations may occur with either paclitaxel [28] [29] [30] , docetaxel [31] [32] [33] , or nab-paclitaxel [28] . Taxanes are considered "irritants" [34] , but they may produce a "vesicant" reaction [29, [35] [36] [37] ] when a higher volume or concentration of drug leaks into soft tissues [28] . Severe complications, including necrosis or chronic ulceration, may occur [29, 32] . Local dilution with perilesional subcutaneous injections of hyaluronidase (250 units diluted in 6 ml saline) has been reported to improve resolution in some cases [36] ; no specific antidote, however, is universally accepted. Furthermore, the beneficial effects of both warm compresses (which encourage dispersion and dilution of the product) [28, 32, 36] and cold compresses (which limit the diffusion of the product to the affected area) [29, 37, 38] have been reported. However, reports of worsening at extravasation sites with warm compresses suggest that application of ice packs may be more prudent [29] . Additional management includes limb elevation, aspiration of the drug to prevent further extravasation of any drug remaining in the needle/catheter, close clinical monitoring, wound care, strict surveillance, and a prompt surgical opinion where necessary. Central infusion via a central venous access device, which reduces the risk of peripheral extravasation, should be recommended [29] .
Cutaneous toxicities Macular and papular eruptions
Although "rashes" are relatively common, especially with docetaxel [1, 2, 9, 14, 25, 39] , the clinical characteristics have received little attention in the literature. Diffuse macules and papules may manifest as a mild morbilliform eruption [2, 9, 14] , and may be associated with moderateto-severe pruritus and burning. Taxane-induced rash is predominantly found on warm sites prone to trauma, such as the folds, contact areas, or under dressings and pads (figures 2 A-C) [2, 11, 40] . The most characteristic presentation is the development of painful, bilateral, inflammatory intertriginous patches in the axillary and inguinal regions or neck folds, especially with docetaxel as adjuvant therapy for breast cancer (figure 2 D). A concomitant PATEO (periarticular thenar erythema and onycholysis) syndrome is frequently noted [41] (see below); the face can be also involved. It may develop several days after the first treatment cycle and it is felt to be a dose-dependent toxic effect. Involvement of the extensor surfaces of arms and lateral aspects of the thighs and knees, in an "inverse" fashion, has also been described with paclitaxel (figure 2 E) [42] . In general, lesions can be easily managed with topical steroids. However, dose reduction or temporary interruption of taxanes is sometimes required (table 2 A). Postinflammatory hyperpigmentation following these eruptions is commonplace (figure 2 F).
Life-threatening skin reactions
There have been only few inconsistent reports of severe lifethreatening dermatological AEs with docetaxel, and even fewer with paclitaxel [43] . These include rare instances of erythema multiforme (EM) [44] , toxic epidermal necrolysis (TEN) [45] , and Stevens-Johnson syndrome (SJS) [46, 47] .
Drug-induced lupus erythematosus (DILE)
Both paclitaxel [48, 49] and docetaxel [50] [51] [52] can predispose to and/or cause DILE, which most commonly manifests as subacute cutaneous lupus erythematosus (SCLE). The latter is clinically indistinguishable from idiopathic SCLE [49, 51] , and is marked by erythematous, papulosquamous and/or more characteristically, annular-appearing lesions in photo-exposed areas (figure 3) [48, [50] [51] [52] [53] . Although patients may report pruritus [48] , there are no associated systemic symptoms. This reaction may occur de novo, after a few weeks/months of treatment, or develop in the presence of a known autoimmune predisposing condition (such as Sjögren's syndrome or pre-existing systemic lupus erythematosus [48, 51] ), where it could be extensive and severe [52] . HLA typing has not been specifically characterised in this setting but, as with the idiopathic forms, patients who develop druginduced SCLE are generally HLA DR2-or DR3-positive [49] . The laboratory findings are remarkable for anti-SSA/Ro antibodies, which are almost always positive. The SSB or antinuclear antibodies can also be positive, [48, [50] [51] [52] [53] , but the anti-DNA antibodies are negative. On histological examination, an interface dermatitis with basal cell vacuolisation, epidermal atrophy, and some keratinocyte necrosis is apparent, often with a superficial perivascular lymphocytic infiltrate and mucin deposition [48, 50] . Direct immunofluorescent stainings generally do not reveal a lupus band, but instead show granular IgG, IgM, and/or C3 deposits in the intraepidermal keratinocytes [48, 50] . Taxanes are hypothesized to lead the appearance of serum anti-SSA antibodies [51, 52] . In addition, the apoptotic phenomena in keratinocytes, initiated by taxanes, may promote the release of nucleosomes, leading to a secondary local autoimmune reaction [50] . Furthermore, taxanes may also allow the exposure of Ro52 (also known as TRIM21, an antigen recognised by the anti-SSA antibody) to the immune system, through microtubule-stabilizing action at the time of mitotic inhibition [51] . The lesions of SCLE regress upon discontinuation of chemotherapy [50, 51, 53] , without scarring [48] , but anti-SSA antibodies tend to remain positive for a prolonged period of time [48, 49] . Synthetic antimalarials, photoprotection, and topical steroids can be instituted [49] , particularly if treatment needs to be continued in the absence of a therapeutic alternative. The possibility of developing lupus as a result of other concomitant chemotherapeutic drugs, including capecitabine, doxorubicin, and fluorouracil, also needs to be borne in mind [49] . SCLE has also been reported with nabpaclitaxel, portraying the same clinical, histological or laboratory abnormalities [54] .
Photosensitivity
In addition to specific photo-induced dermatoses, such as SCLE or UV recall reaction (see below), both paclitaxel and docetaxel can lead to the development of an inflammatory rash predominantly on photo-exposed areas (phototoxicity) [11, 55] . The photosensitivity is thought to be related to induced aberrations in porphyrin biosynthesis and triggered by UVB [56] . The incidence, however, appears to be inferior to 1% in breast cancer patients treated with paclitaxel or docetaxel [6] . Photo-distributed erythema multiforme has also been reported [56, 57] .
Pustular eruptions Acute generalized exanthematous pustulosis (AGEP)
The development of typical AGEP, which is characterized by an acute cutaneous eruption with subcorneal non-follicular pustules on an oedematous erythema and accompanied by fever, has been reported with docetaxel [58] . An entirely similar form of generalized pustulosis has also been reported with paclitaxel [59] . On the other hand, a localized variant of AGEP confined strictly to the face, the acute localized exanthematous pustulosis (ALEP), is a rare event [60] .
Folliculitis
An inflammatory folliculitis may be observed with taxanes [61] , but it is usually non-dose-limiting. In our experience, 
Recall phenomena Radiation recall dermatitis and radiation enhancement
This well-recognised phenomenon refers to the development of an acute inflammatory reaction, strictly localized to an area of skin that was previously irradiated. The initial radiation treatment may have occurred several years prior to the chemotherapy. The recall reaction may be noted during chemotherapy (first/subsequent cycles), immediately after, or in the succeeding days [62] . The clinical manifestations may include erythema, oedema, induration, desquamation, and sometimes bullous detachment or necrosis of skin, typically confined to a previously irradiated area [37, 63] . These are of variable intensity and may be accompanied by pruritus, burning or pain, and sometimes constitutional symptoms. Various chemotherapeutic agents, including docetaxel [64] [65] [66] and paclitaxel [62, 67] , can precipitate the reaction, which is rare and affects less than 2% of the previously irradiated patients treated with docetaxel [66] . Involvement of the mucosae and organs prone to the risk of secondary failure has not been reported with taxanes, however, it can occur with other chemotherapies, especially gemcitabine [62] . The pathophysiological mechanisms remain obscure, however, some of the proposed theories include a cytotoxic chemotherapy-induced activation of memory-type inflammatory cells (that survived radiotherapy) [65, 68] , an idiosyncratic hypersensitivity reaction akin to fixed drug eruption (FDE), and a deficiency in the individual's nutritional status leading to an impairment in endogenous scavenging activity [62] . In general, the reaction does not mandate discontinuation of chemotherapy [37, 62, 66] , and with subsequent treatment cycles, its development may be attenuated or absent altogether [62, 64] . Premedication with corticosteroid therapy or dose reductions may also be necessary, the pathophysiological rationale for which remains to be established [62, [64] [65] [66] 68] . In contrast, radiation enhancement, which refers to an increased reaction to radiotherapy after concomitant administration of certain types of chemotherapeutic agents (by definition <7 days after the end of radiotherapy), tends to be rare with these drugs [62, 69] .
UV recall reaction
This phenomenon is well-described in oncology, and was first reported with methotrexate, and subsequently with gemcitabine and etoposide [37, [70] [71] [72] . Both paclitaxel and docetaxel can induce a photo or UV recall (or reactivation of solar erythema) [68, 72;73] . Typically, an episode of solar erythema will have occurred (and regressed), a few days or weeks prior to chemotherapy. After infusion of chemotherapy, the skin lesions re-appear (UV recall) on the previously affected photo-distributed areas [37] , with the same clinical presentation even without exposure to sunlight (figure 5). The post-infusion secondary reaction bears the potential to be much more severe than the initial episode of solar erythema [71] [72] [73] . Symptomatic management with topical anti-inflammatory agents may be necessary, and photo-protective measures should be recommended prior to subsequent cycles. The reaction gradually attenuates over the course of these cycles [37] and does not necessitate interruptions of chemotherapy [72, 73] .
Extravasation recall phenomenon
Increased permeability of microvasculature and microtrauma at the site of prior extravasation-damaged tissue allows leakage and accumulation of the chemotherapeutic agent upon re-infusion, thus resulting in an inflammatory reaction. This has been described following reinfusion of paclitaxel or docetaxel, albeit rarely, and is characterized by erythema recurring at sites of prior inflammation [12, 29, 31, 69, 74] . Biopsy reveals epidermal dysmaturation with dyskeratotic keratinocytes, vacuolar degeneration in the basal layer, and eccrine squamous syringometaplasia [31] . 
Palmar-plantar erythrodysaesthesia Dorsal hand-foot syndrome (HFS)
The development of a HFS is relatively more common with docetaxel [11, [75] [76] [77] [78] [79] [80] , as opposed to paclitaxel [6, 13, 81, 82] . While less frequent than with other chemotherapeutic agents, such as fluorouracil, capecitabine, and doxorubicin [83] , it occurs in 5-10% of patients treated with taxanes [6, 41, 78] . However, given the widespread use of taxanes, HFS is not uncommonly encountered in clinical practice, especially with the weekly regimen [41, 84] . The most characteristic form is a distinct dorsal hand presentation which is specific to the taxanes and fairly common. Scaly erythematous lesions are seen predominantly on the dorsal aspects of hands (overlying the joints) and thenar eminences (figures 6 A-B) [11, 13, 75-77, 81, 85] , and more rarely on the dorsum of the feet ( figure 6C) or the peri-malleolar and Achilles regions [75, 82] . The dorsal hand eruption typically does not cross the Wallace's line, a transitional zone that runs along the medial and lateral borders of the hands. Occasionally, palmoplantar involvement may be noted [75, 77, 82] . The constellation of PeriArticular Thenar Erythema and Onycholysis characterize the "PATEO syndrome" seen in patients on docetaxel ( figure 6D ) [41] ; not all nails are universally affected, although their involvement is common [75] . The lesions may start from the first treatment cycle or develop progressively during subsequent cycles [75] , and may sometimes be heralded by prodromal symptoms such as tingling, burning pain, or numbness. The dorsal HFS is bilateral, but not necessarily strictly symmetric, and pruritus, pain, or a burning sensation are generally the most prominent symptoms. Ectopic localisations have also been reported, for example in the sacral region [11] . Rarely, patients may develop the HFS conventionally described with chemotherapy, which affects the bilateral palmar and/or plantar surfaces with varying degrees of erythema, pain, or tingling (figure 7) [13, 78, 79] . The mechanisms governing HFS have not been established, although a direct cytotoxic effect of chemotherapy on basal keratinocytes has been proposed [76, 77, 82] . The predilection for palmoplantar regions may be explained by a high number of capillaries, rapid renewal of keratinocytes, preferential secretion of various chemotherapeutic agents by eccrine glands (present in a very high density), and repeated trauma [75, 76, 78, 84] in these areas. However, none of these hypotheses explain the dorsal localisation observed with taxanes, although a predilection for sun-exposed sites begins to address this. Functional impairment is variable, but quality of life may be impacted and it may be dose-limiting [86] . Therefore, active preventive strategies are of paramount importance. Frozen gloves (or ice packs) used for the prevention of onycholysis also protect against the development of HFS [87] . Skin barrier-enhancing emollient use is advised. The benefit of oral pyridoxine is not proven [88] and the utility of COX-2 inhibitors needs to be further established [78, 89] . If erythema develops, systemic corticosteroids (i.e. prednisone equivalent) or high-potency topical steroids (i.e. clobetasol) are prescribed, sometimes under an occlusive dressing. Lidocaine patches (4% or 5%) are helpful in pain management. Global assessment of pain and its effect on instrumental and self-care activities of daily living must be considered; dose reduction or temporary discontinuation of treatment is sometimes necessary (table 2 B) . In the setting of docetaxel-induced HFS, switching to paclitaxel, when possible, is an alternative [75] .
Fixed erythrodysaesthesia
Fixed erythrodysaesthesia appears to be specific to docetaxel [11, 12, 34, 85, 90, 91] and often manifests as a solitary, well-circumscribed, erythematous, tender plaque that develops a few days after a cycle of chemotherapy (weekly, or every three weeks) [85, 91] . It preferentially localises on the forearm, sometimes close to the infusion site, which then must be differentiated from extravasation [85] . Subsequently, it may develop desquamation with secondary hyperpigmentation, and is unlikely to recur with continued treatment [12, 92] . Some authors consider fixed erythrodysaesthesia as a variant of HFS [34] . Finally, a similar presentation of fixed drug eruption has been described in a woman, a day after the initiation of adjuvant therapy with paclitaxel following surgery for ovarian cancer [93] . 
Pigmentary changes Serpentine supravenous hyperpigmentation (SSH)
Described initially with fluorouracil (and observed in particular with this drug), SSH has since been reported sporadically with several other drugs, including docetaxel [94] [95] [96] . This specific complication occurs almost exclusively after peripheral infusion [92] . The clinical presentation is highly characteristic; the superficial venous networks become pigmented and conspicuous, with infusion sites representing the starting point [70, 92] . These may be initially inflamed and erythematous, and accompanied by burning and/or pruritus [94, 96] . The condition does not require specific treatment or dose interruption/reduction of taxanes. To our knowledge, this has not been noted with paclitaxel.
Flagellate and reticulate hyperpigmentation
Flagellate erythema is traditionally attributed to bleomycin, but it can occur with docetaxel [13] . In addition, we have also personally observed exceptional cases of reticulate hyperpigmentation with paclitaxel ( figure 8 ) [97] . 
Oedema/cutaneous sclerosis Peripheral oedema
Taxanes, in general, can lead to reversible peripheral oedema, although it has been mostly reported with docetaxel. The underlying pathophysiological mechanism is thought to be related to a capillary protein leak syndrome, and at later stages, varying degrees of insufficiency in lymphatic drainage [1, 98] . Clinically, it manifests with peripheral soft pitting oedema of the lower limbs that may sometimes progress to lymphoedema [2, 7, 9, 25, 39, 99] , and affects between 20% to over 60% of the patients treated for advanced cancer. In the more severe Grade 3 disease, ascites and/or pleural effusion may ensue [5, 7, 10, 39, 100] . Corticosteroid premedication, used for the prevention of hypersensitivity reactions, may restrict its development [2, 5, 25, 101 ]. There appears to be a relationship between the cumulative dose of docetaxel (>400 mg/m 2 , or at around the 4 th -5 th cycle) [2] and fluid retention, [97, 98, 102] , but sometimes it may occur even with the first cycle of treatment. Persistence after discontinuation of treatment is infrequent [102] , but secondary scleroderma-like changes can sometimes develop [103] [104] [105] [106] [107] [108] .
Scleroderma-like skin changes
Infiltrative cutaneous sclerosis has been reported with both paclitaxel [103] [104] [105] [106] and docetaxel [106, 107] , and may be marked by inflammation of the skin [103, 106, 107] . It can develop progressively over several months, and may not manifest until very late, sometimes appearing even after the end of chemotherapy [108, 109] . The extremities are most commonly affected [12, 104, 107] , especially the lower limbs ( figure 9 ) [105] [106] [107] , which can lead to severe limitations in the mobility of underlying joints [103] [104] [105] [106] , besides the development of trophic ulcers [105] . Although the trunk [103] and neck [108, 109] may also be affected, there are no systemic findings or laboratory markers suggestive of progressive systemic sclerosis [103, 106, 107] . Rarely, an association with Raynaud's syndrome may be noted [109] . Based on the features in published cases, the oedema tends to precede the scleroderma-like lesions [103] [104] [105] [106] [107] [108] , and HFS may also be noted in the same areas [107] .
Skin biopsy reveals fibrosis [105, 107] with proliferation of collagen bundles in the dermis [103, 106, 109] , along with an occasional perivascular inflammatory cell infiltrate [104] [105] [106] . The mechanisms underlying these fibroblastic proliferative changes are not known, although taxanes are capable of stimulating the process, besides the expression of a number of cytokines (IL-2, IL-6, TNF-␣) [104, 106] . Interestingly, such sclerotic changes are not unique to taxanes, and have been reported with capecitabine, bleomycin, hydroxyurea, topotecan, raltitrexed, cyclophosphamide, pemetrexed, or gemcitabine [34, 70, 104] . Discontinuation of chemotherapy may sometimes lead to clinical regression of the lesions [103, 106, 107] , which is consistent with our experience and the cases published to date [105, 106, 108, 109] . In the management of oedema, physical therapy assumes importance [106] , as it may offset the development of secondary sclerosis. While diuretics may not be helpful, the utility of corticosteroids in this setting needs to be established [104] . At our centres, we initiate treatment with prednisone, often in combination with oral methotrexate, with the aim of arresting sclerosis. Other modalities of questionable value include topical steroids under occlusion, intralesional steroids, and phototherapy (UV-A).
Hair and nail changes Chemotherapy-induced alopecia (CIA)
Chemotherapy-induced acute reversible alopecia Paclitaxel and docetaxel rank among the top CIA-inducing drugs [110, 111] , chiefly by a mechanism that induces dystrophic anagen effluvium [112, 113] . The onset is typically after the first treatment cycle, whether or not in an adjuvant treatment setting. CIA represents one of the most distressing adverse events of taxanes, affecting the scalp in a diffuse pattern (Grade 2) in at least 60% of treated patients [6, 8, 9] . Other hair-bearing areas (eyelashes, eyebrows, beard, axillae, pubis, and body) may also be involved, especially when the treatment is prolonged, involves higher doses, or entails multiple exposures [1, 112] . Typically, the lost hair gradually regrows starting three to six months after the last cycle, and progressively returns to baseline. However, more than a third of patients observe a change in both the texture (usually more curly) and colour (usually more grey, or rarely darker) of the regrowing hair [113] .
Chemotherapy-induced persistent alopecia (CIPAL)
In recent years, several reports of "permanent" and "irreversible" alopecia following treatment with taxanes have emerged. The hair loss manifests as suboptimal regrowth and/or absence of scalp and body hair regrowth, more than six months after the discontinuation of chemotherapy [111] . Here, it is important to note that there are no long-term studies addressing the (final) clinical outcome, and since these terms may imply a grave prognosis to patients, we suggest the usage of "persistent" instead of "permanent" in the acronym "CIPAL" (Chemotherapy-Induced Permanent Alopecia) proposed by Palamaras et al. to connote hair loss in this setting [114] . Figure 10 . A, B) Taxane-induced persistent alopecia. Note that hair loss is relatively diffuse but not all over; the hair appears finer and shorter.
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The clinical picture was initially well-described with busulfan, and to a lesser extent with thiotepa, during conditioning for allogeneic bone marrow transplantation [111, 114, 115] . In this scenario, the contribution of cutaneous graft-versushost disease (GvHD) needs to be excluded. In the case of taxanes, Kluger et al. estimated the incidence to be 2% with docetaxel [116] . However, findings of the French Drugs and Emerging Therapeutics Observatory (OMIT), and our personal experience, suggest that the incidence is higher and is likely underestimated [117] . The hair loss in CIPAL is not total but rather relatively diffuse [111, 114] , and tends to be accentuated in areas prone to androgenetic alopecia [115, 116, 118] . The hair is finer and shorter (generally <10 cm) [114] [115] [116] , but the scalp appears healthy, without features of cicatricial alopecia or fibrosis (figures 10 A-B) [111, 116] . Hair at other sites (eyelashes, eyebrows, axillae, pubis, and body) can be affected as well [114, 116, 118] . It is perceived that CIPAL is usually irreversible, but there are no long-term prospective studies confirming this, although the psychological impact can be substantial [115, 116, 119] . On histological examination, the number of follicular units appears unchanged, but a reduction in capillary density correlates with a decrease in the number of hairs, to the detriment of those in the anagen phase (there is a parallel increase in miniaturized hairs and telogen hairs) [111, 115, 116, 118] . The terminal hair/miniaturized hair (vellus hair) ratio is 1:1, in other words, even lower than that in androgenetic alopecia [115] . Telogen germinal units (at the end stage of the telogen phase after hair loss) are also increased [119] . Conversely, no fibrosis or inflammation is noted [111, 115, 116] . A moderate peribulbar lymphocytic infiltrate has sometimes been noted [116, 118] , which is interesting when considering therapeutic approaches. The mechanism of CIPAL has not been elucidated, although a separation of the matrix cells from the dermal papilla has been postulated, as well as a direct cytotoxic action of taxanes on hair matrix keratinocytes or hair bulge stem cells [111, 115, 116] . The risk factors for its development have not been identified. Neither a history of androgenetic alopecia, nor abnormal laboratory findings (zinc, iron, hormonal or thyroid abnormalities, etc.) appear to play a role [115, 116] . It must be noted that the long-term (2-10 years) adjuvant endocrine-based anticancer therapies (antioestrogens and aromatase inhibitors) may also cause and/or exacerbate hair loss [120] .
Management of acute reversible alopecia
Prior to the initiation of chemotherapy, patients may be advised to cut their hair short before it falls out, or even shave their heads, to offset scalp irritation and any impending psychosocial stress (embarrassment from shedding). Similarly, a wig and/or scarf or other head coverings (e.g. turban) may also be advised. Topical minoxidil (2%) applications initiated at the start of chemotherapy, although not helpful in preventing CIA [110, 113] , may accelerate the rate of hair regrowth which is significant for many patients. Scalp cooling is not universally instituted in the prevention of CIA. It tends to confer a protective effect, leading to a 50% reduction in (maximal) hair loss in around 50-75% of cases, depending on the series [113, 121, 122] . There are limited studies conducted specifically with taxanes [123, 124] , but it has been suggested that the preventive efficacy of scalp cooling is best with low-dose paclitaxel and docetaxel monotherapies, as compared to the combination regimens [124, 125] . The mechanisms underlying scalp cooling benefits appear to be vasoconstriction and more importantly, a reduction in hair follicle metabolism during chemotherapy infusion (time of peak plasma concentration), thus rendering them less vulnerable to the toxic effects of chemotherapy [126] . The global patient safety profile is generally acceptable [121, 122, 125] , however, the study parameters appear heterogenous in terms of the type of devices used, the degree or duration of cooling, the type or dose of chemotherapy, the study population, and the clinical assessment criteria [121, 126] . There is a dearth of well-conceived randomised clinical trials [127] and the implementation of large-scale prospective studies on homogeneous populations [113] , accompanied by more objective measurements, appears mandatory.
Management of CIPAL
It is imperative that patients are forewarned of the potential for CIPAL with taxanes [114, 128] , for ethical and medico-legal reasons. This is particularly true in the adjuvant treatment setting, especially in the female breast cancer population, where the overall prognosis is generally good and patients are younger. In limited studies conducted so far, minoxidil, spironolactone, and phototherapy have not shown therapeutic benefit, when used prophylactically, or following the development of CIPAL [114, 116] . Further, it remains unclear whether mitigating or preventing CIA in the acute stages would reduce the risk of eventually developing CIPAL. Nevertheless, for CIPAL, we recommend topical minoxidil (up to 5%), since it could potentially stimulate some hair regrowth [118] . This would also benefit any associated AGA, the presence of which can be confirmed by performing a trichogram. If inflammation is suspected or noted on biopsy, topical steroids can be instituted. In select cases, hair transplantation can be offered, but in most cases, hair wigs will suffice. Topical bimatoprost may be recommended for the management of eyelash loss (not available in Europe) [129] . In all cases, the impact of CIPAL on patients' selfesteem or self-image and quality of life should be formally assessed and addressed.
Nail changes
Nail changes with taxanes are very common [83, 87, [130] [131] [132] , with some series reporting rates as high as 89% after three treatment cycles [133] . Recently, the overall incidence of taxane-induced nail changes has been systematically investigated [134] [87, 130, 135, 136] , resulting from a direct toxic effect. The changes may affect both the nail matrix (melanonychia, true leuconychia, Beau's lines and onychomadesis, brittle nails with ridging and thinning, onychorrhexis, and koilonychias), the nail bed (onycholysis and apparent leuconychia) (figures 11 A-B), or the periungual tissue (paronychia) [34, 136, 137] . Nail lesions are evident after several weeks of treatment [133] because of the slow growth rate of the nail plate [135] , and tend to increase with the number of treatment cycles [132, 133, 135, 136] . Although they are more common in patients receiving the once-weekly regimens [6, 135, 136, 138] , they can also be observed with the every three-week regimen [90, 133, 139, 140] . In an overwhelming majority, these changes eventually regress after cessation of treatment [30, 132, 141] , notwithstanding the fact that persistent sequelae affecting the nail plate and its growth may be encountered ( figure 12) . Onycholysis represents the most characteristic lesion and occurs because of detachment of the nail plate from the underlying nail bed [137] ; this may culminate in loss of the nail. The fingernails are more often affected than toenails [133, 142] and the number of digits involved varies, although involvement may be diffuse [30, 135, 138, 143] . The impact on the quality of life and activities of daily living can be significant [132, 133, 144] and result in treatment interruption; effects depend on the number of digits involved, the degree of detachment, and the extent of pain. The development of a subungual haematoma, haemorrhage, or abscess with purulent discharge ( figures 13 A-B) is not uncommon [90, 130, 140, 141, 143] and can be debilitating with involvement of multiple nails. The detached area can take on a black, white, or brown-red colour, depending on the type of lesion [90, 135, 139, 140] . Paronychia is also often present [55, 135, 139, [144] [145] [146] . In addition, A B Figure 13 . A) Diffuse fingernail onycholysis associated with subungual abscesses and paronychia; a partial avulsion of the nail plate is required. B) Development of painful subungual haematomas resulting from toxic effects of taxanes.
chronic onycholysis can lead to nail bed keratinization and subungual hyperkeratosis [90, 141, 145] . In consequence, it is crucial to promote reattachment as soon as possible, otherwise onycholysis may become irreversible. The presence of regular transverse Beau's lines (figure 11 B) in the nail plate is also very common and reflects the temporary cessation of matrix proliferation during each chemotherapy cycle [30, 90, 140, 141, 145] In its extreme form, proximal detachment of the plate with onychomadesis may be observed (figure 14) [130, 137] . The pathophysiological origin of these nail changes is not clearly established. A direct cytotoxic effect on the nail matrix and epithelial cells of the nail bed, as well as an intrinsic antiangiogenic activity of taxanes, have been postulated [130, 132, 138] . Similarly, a phototoxic mechanism for photo-onycholysis has been advanced by some authors [135] , which is pending confirmation [137, 138] . Lastly, a taxane-induced neurotropic effect (neurogenic or prostaglandin-mediated inflammation) has also been entertained [146] . Management of nail changes depends on the type of nail affliction and the impact on activities of daily living. Prophylactic measures include the use of emollients (following hydration of nail folds), protective varnish on the nail plate, and cotton gloves (water-resistant if exposure is excessive). All trauma must be avoided, especially manipulation of the cuticles and nail biting, overzealous salon manicures or use of fingernails as "tools", prolonged soaking in water, Figure 14 . Onychomadesis affecting all fingernails (the nail plate is divided into two parts by a transverse thick groove).
exposure to solvents, and application of artificial ("fake") nails [137] . The nails should be cut regularly until the nail plate grows reattached. The importance of wearing frozen gloves/socks during chemotherapy cannot be overstressed.
Scotte et al. have demonstrated a significant reduction in nail changes from 51% to 11% (p=0.0001) in fingernails, and from 21% to 0% in toenails, with a trend towards a prolongation (albeit non-significant) of the median time to development of these lesions [87, 142] . Importantly, the Grade 2 or greater nail AEs were reduced from 22% to 0% (p=0.0001). Alternatively, the use of ice packs (with interruptions) as a tolerable option may be a less expensive and effective strategy [131] . It is intriguing that despite the simplicity and effectiveness of this intervention, it is not universally employed. While discontinuation of chemotherapy is only rarely necessary, dose interruptions are commonplace.
Once the AE develops, management is directed primarily at symptom control. It may be necessary to remove the nail plate in cases of severe and/or painful onycholysis, or when associated with a haematoma or subungual abscess. The nail bed must be cleaned and cultured at the same time [137] , and any infection should be promptly treated with an appropriate antibiotic. In the setting of paronychia without infection, potent topical steroids are recommended.
Oral mucosal involvement
Oral mucositis is a dose-dependent AE known to occur with both paclitaxel and docetaxel [1, 5, 37, 68] , although it is more common with the latter [6;7] , and affects 29-63% of the treated patients [2, 7, 9, 10, 14] . The oral lesions are non-specific and affect the non-keratinized mucosa; they often begin with erythema and are followed by localized ulcerations, which become confluent and are sometimes covered with pseudomembranes. Sites involved include the soft palate, tongue (ventral and lateral aspects), floor of the mouth, and buccal mucosa ( figure 15 ). The severity of mucositis usually does not exceed Grades 1 or 2 [2] , with less than 10% of patients suffering from a higher grade with either drugs [6, 7, 10, 14, 100, 101] . However, functional impairment can be severe and dose-limiting [3] . Treatment is primarily supportive; topical steroids and low-level laser therapy may be helpful in reducing pain as well as the duration of lesions. Dysgeusia is frequently concomitant [10, 39] and predominantly occurs four to seven days following initiation of treatment with taxanes. The burden of dysgeusia can be in the forefront of complaints, and can result in poor eating behaviours [147] . Residual mucosal pigmentation is also sometimes observed ( figure 16 ) [92] .
Miscellaneous Hot flashes
Outside the context of an immediate hypersensitivity reaction, hot flashes may occur in up to 10% of cases during treatment with paclitaxel or docetaxel [6] . The transient flushing typically affects the face, neck, and upper chest. They are not necessarily accompanied by hyperhidrosis ("wet" flush), but they can be socially disabling for the patient. Although the pathophysiological basis has not been elucidated in this setting, transient vasodilation is the underlying event, which is known to occur either as a result of disturbances in autonomic nervous system or by the direct action of circulating vasodilator mediators on Figure 17 . Inflammation of actinic keratoses with docetaxel (forearms). vascular smooth muscle [37] . Clinically, such hot flashes may, however, be difficult to distinguish from hot flashes secondary to chemotherapy-induced premature menopause [80, 148] .
Inflammation of actinic keratoses
Pre-existing actinic keratosis or foci of actinic damage on photo-exposed areas may become acutely inflamed, which is a well-appreciated phenomenon that occurs following chemotherapy with a variety of drugs [37] ( figure 17) . This is particularly frequent with fluorouracil or its prodrug, capecitabine, but may also be observed with docetaxel [11, 149] . Supportive counselling is recommended, as once the lesions crust and resolve, subsequent cycles do not cause a similar eruption. If the inflammation is symptomatic, topical steroids are helpful.
Xerosis
Xerosis and scaling are very common with both docetaxel [2, 25] and paclitaxel [6] . These are managed with liberal bland emollients. Taxane-related xerosis develops after skin barrier function damage, which induces increased transepidermal water loss and leads to a low content of skin water into the stratum corneum [150] .
Psoriasis and taxanes
Psoriatic patients are generally believed to improve during treatment with taxanes as a result of their antiangiogenic and antiproliferative activity [151] . Recently, the use of paclitaxel (in micellar form) has even been proposed for the treatment of patients with a severe form of psoriasis [151, 152] . In our experience, both improvement and exacerbation of psoriasis can occur with these two agents [153] .
Nab-paclitaxel
Nab-paclitaxel is a novel, solvent-free, albumin-bound particle formulation (with a size of 130 nm) of paclitaxel that has led to a significant improvement in progression-free survival, median overall survival, and overall response rates in patients with metastatic breast and pancreatic cancers [4] . It has recently received FDA and EMA approvals for the treatment of certain forms of both cancers [154] . It is also approved in the US for metastatic non-small cell lung cancer [155] ( figure 1 ) and is still under evaluation for several other indications, such as metastatic urothelial tumours [156] . Nab-paclitaxel was developed to circumvent the highly hydrophobic properties of taxanes and to improve intratumoural paclitaxel penetration [154, 157] . Since it is devoid of Cremophor EL (the solvent for paclitaxel), several significant AEs, such as hypersensitivity reactions [154, 157] , are less likely to be incurred. Severe immediate hypersensitivity reactions are significantly less common [16, 156] , affecting 2-4% of treated patients. The use of premedication, however, is not required. Depending on the underlying oncological indication, it may be beneficial to substitute paclitaxel or docetaxel with nab-paclitaxel for those experiencing a severe immediate reaction (see above) [16, 21, 26] . The other reported AEs, such as neuropathy, neutropenia, thrombocytopenia, nausea, and fatigue, appear generally comparable to those with the solvent-based paclitaxel, but the overall safety profile is favourable [154, 157, 158] . For example, Grade 3/4 neutropenia and fatigue are less frequent, and neuropathies appear to resolve more rapidly [4, 8, 154, 155, 159] . Dermatological AEs have not yet been specifically studied. The incidence of alopecia (with monotherapy) ranges between 47% and 100% depending on the series [8, 156, 159, 160] , but CIPAL has not yet been reported. The skin rashes have not been characterised clinically, although involvement of body folds and areas of friction has been reported, as have pigmentary changes [158] . Diffuse maculopapular rashes, including SJS and TEN, can occur. The incidence of rash is comparable to that observed with the solvent-based paclitaxel (overall incidence of 4%), except in Asian populations where it appeared to affect more than a third of patients in some series [158, 160] . Nab-paclitaxelinduced SCLE is similar in all aspects to that observed with paclitaxel (see above) [54] . Photosensitivity reaction can also occur [161] . The occurrence of peripheral oedema may be noted in 10% of cases [157] . While mucositis appears to affect 15% of patients, it tends to be less severe (<2% are Grade 3) [157] . Nail changes are also frequent with nab-paclitaxel [159] , with an estimated overall all-grade incidence of 19.4% (95% CI: 11.8-30.3%) [134] . Finally, to the best of our knowledge, HFS has, to date, not been reported with nab-paclitaxel.
